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COMPUTER-ASSISTED.  PROGRAMMED  TEXT,  AND  LECTURE  MODES  OF 
INSTRUCTION  IN  THREE  MEDICAL  TRAINING  COURSES: 
COMPARATIVE  EVALUATION 

L  INTRODUCTION 

Comparative  analyses  of  the  differential  effectiveness  of  computer-assisted  instruction  (CAI), 
programmed  instructional  text  (PIT),  and  lecture  methods  of  instruction  in  field  settings  have  been 
sparse  and  sometimes  eq*  . ,'ocal  (Dallman  &  DeLeo,  1977;  Dare,  1975;  Keesler  AFB,  1974). 
Presently,  it  is  not  known  whether  one  instructional  method  is  more  effective  than  another  for 
certain  kinds  of  students  confronted  by  different  tasks  nor  the  degree  of  effectiveness.  Rather,  it  is 
assumed  that  (a)  learners  possess  and  employ  to  a  similar  degree  the  same  characteristics  for 
processing  information  and  (b)  instructional  methods/media  are  equally  effective  for  different  kinds 
of  tasks  and  students  despite  the  vast  literature  on  individual  differences  and  task  difficulty. 

This  report  attempts  to  provide  information  in  the  medical  training  area  on  the  following 
questions:  (a)  Do  CAl,  PIT,  and  lecture  differ  in  instructional  effectiveness?  and  (b)  Under  what 
conditions  are  CAI,  PIT,  and  lecture  differentially  effective? 

Objectives 

The  major  objectives  of  this  field  study  were  to  compare  CAI  with  lecture  and  PIT  modes  of 
instruction  on  dimensions  of  (a)  instructional  effectiveness,  (b)  time-savings,  and  (c)  student 
acceptance.  Additionally,  pre-course  assessment  measures  were  used  to  attempt  to  identify  the 
characteristics  (e.g..  aptitude,  biographical  data,  and  attitudes)  of  learners  for  whom  CAI.  PIT  and 
lecture  modes  of  instruction  might  be  differentially  effective  in  segments  of  three  different  training 
courses  for  medical  technicians. 

D.  METHOD 

Students 

Three  medical  training  courses  (Medical  Laboratory.  Radiology,  and  Dental  Assistant)  were 
selected  to  provide  a  range  of  learner  characteristics  and  course  content  suitable  for  generalizing 
results  to  students  in  medical  courses  of  comparable  difficulty.  The  Medical  Laboratory  course 
represented  a  difficult  course  requiring  a  relatively  high  aptitude  level.  Radiology  and  Dental 
courses,  respectively,  corresponded  to  average  and  low  difficulty  courses,  with  corresponding 
aptitude  levels.  The  student  -ample  during  formative  and  summative  evaluation  consisted  of  700 
male  and  female  trainees  assigned  to  the  Air  Force  School  of  Health  Care  Sciences  at  Sheppard  AFB. 
The  CAI  delivery  system  used  was  the  PLATO-IV  interactive  Plasma  Panel  terminal  connected  to  a 
main  frame  at  the  Center  for  Education  Research  Laboratory  (CERL).  University  of  Illinois. 
Champaign-Urbana  via  telephone  line.  The  programming  language  used  in  PLATO  was  TUTOR,  a 
language  providing  realtime  author  editing  as  well  as  CAI  delivery.  Instructional  materials  from  each 
of  the  courses  were  developed  in  CAI  formats  by  on-site  experts  trained  in  TUTOR. 

Pre-Course  Measures 

Based  upon  training  task  analyses  in  each  course,  selected  pre-course  learner  characteristics 
measures  were  developed  and  administered  via  automated  slide-tape  to  all  students  prior  to  rourse, 
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entry.  These  measures  include  (a)  the  medical  version  of  the  Delta  Reading  Vocabulary  (r  =.88) 
(Deignan.  1**73).  (b)  the  General  Aptitude  index  from  the  Armed  Services  Vocational  Aptitude 
Battery  (ASV.AB)  (r  =.87),  and(c)  the  memory  (rvv  =  .66).  visualization  (r4t  =.77).  and 
biographical  measures  from  the  Delta  Training  Aptitude  Battery  (Deignan.  1976).  In  addition  to 
validity  studies  of  the  Delta  currently  in  progress  in  both  military  and  civilian  environments, 
previous  studies.  (Collins.  Dansereau.  Holley.  McDonald.  &  Garland.  1978:  Dansereau.  et.  al..  1973. 
1975.  1978:  Deignan  &  Duncan.  1977;  Diekhoff.  1977:  McCoombs.  Deignan.  &  Siering.  1975: 
Moore.  1975:  and  Long.  1976)  have  reported  predictive  validities  ranging  from  r  =.15  to  r  =.75  in 
studies  employing  university  or  military  students  from  a  variety  of  courses.  Measures  were 
administer“d  prior  to  course  entry  to  aid  CA1  authors  in  the  development  and  formative  evaluation 
of  instructional  material  appropriate  to  the  target  population  in  each  course.  These  control  measures 
were  subsequentlv  used  to  assist  summative  evaluation  in  terms  of  explaining,  interpreting,  and 
generalizing  comparative  performance  results. 


Materials  Development  Procedure 

Prior  to  CAi  lesson  development,  prediction  of  course  criterion  achievement  from  pre-course 
learner  characteristics  was  accomplished  by  means  of  multiple  regression  analyses.  By 
trichotomizing  the  distribution  of  the  highest  aptitude  predictor  of  achievement  (Delta  Reading 
Vocabulary),  low.  middle,  and  high  aptitude  groups  were  formed  for  each  course.  Criterion-related 
learner  characteristics  were  used  to  assist  CAI  authors  in  the  initial  development  of  instructional 
materials  and  strategies  appropriate  to  the  target  population  in  each  course.  Hence.  CAI  materials 
development  and  validation  were  based  upon  a  student  protileol  characteristics  known  to  be  related 
to  course  achievement.  This  approach,  therefore,  prepared  authors  for  the  range  of  learner  skills, 
aptitudes,  and  attitudes  for  which  instruction  was  intended.  Likewise,  pre-course  learner 
characteristics  information  suggested  how  authors  might  best  design  (LAI  lessons  and  branches  to 
cope  with  such  factors  as:  (a)  deficient  reading  skills,  (b)  concentration-retention  capabilities,  (c) 
learner  strategies  for  processing  information,  and  (d)  initial  motivational  level.  Similarly,  to  assist 
formative  evaluation,  all  CAI  students  in  the  three  courses  were  administered  an  on-line  altitude 
survey  which  contained  Likert-type  items  with  response  alternatives  ranging  from  highly 
unfavorable  (e)  to  highly  favorable  (a). 

Formative  Evaluation 

Formative  evaluation  consisted  of  ar.  experimental  period  of  initial  instructional  materials 
development  characterized  by  lesson  and .  test  development,  materials  tryout,  and  subsequent 
instructional  revision.  Small  numbers  of  students  were  administered  newly  developed  lessons  to 
provide  CAI  authors  with  student  attitudes  toward  CAI.  Followingsmall  group  lesson  revision,  large 
group  pilot  studies  were  conducted  on  representative  samples  of  students  from  each  course:  (a)  to 
ensure  lessens  satisfactorily  supported  attainment  of  instructional  objectives,  (b)  to  provide 
preliminary  statistical  data  on  representative  student  performance,  e.g..  achievement  scores,  time  to 
completion,  and  embedded  lesson  test  item  statistics  keyed  to  specific  instructional  lesson  segments, 
and  (c)  to  further  individualize  instruction  by  such  means  as  compensatory  branches,  additional  drill 
and  practice  or  examples,  and  graphic  simulations. 

Summative  Evaluation 

In  contrast  to  formative  evaluation,  summative  evaluation  initiated  a  period  in  which  all 
instructional  materials,  procedures,  and  evaluation  measures  retrained  constant.  Comparison 
between  CAI  and  non-GAI  delivery  (lecture  or  PIT)  was  made  On  identical  instructional  objectives 


and  criterion  measures  (Table  I).  Criterion  measures  included  post-instructional  measures  of 
achievement,  elapsed  time  to  complete  instruction,  and  attitudes  toward  CAI,  PIT.  and  lecture.  One 
hundred  students  were  programmed  for  assignment  to  each  CAI  and  non-CAl  control  condition  in 
each  course  during  summative  evaluation.  In  some  analyses,  the  sample  size  was  less  than  J00 
subjects  per  condition  because  some  students  lacked  complete  data  on  pre-course  assessment  and/or 
criterion  data. 

Table  I.  Sample  Cell  Size  by  Course,  Treatment  and  Aptitude  Levels 


Tivu  lint*  ill 

—  In*  a  liiii*  ni‘* 

(louise 

N 

Iota 

Middle 

Hi«h 

Medical  Lab 

CAI 

0.3 

34 

36 

26 

Lecture 

08 

30 

36 

32 

Radiology 

CAI 

07 

34 

33 

20 

PIT 

80 

24 

30 

15 

Dental 

CAI 

101 

30 

28 

21 

Lecture 

52  ' 

7 

7 

0 

aThe  sum  of  the  tells  in  each  row  does  not  equal  the  total  treatment  N  due  to  the  exclusion  of  students  who  were  not 
administered  the  p  re -course  assessment  measures. 


Major  statistical  analyses  included:  (a)  multiple  regression  analyses  conducted  to  predict  learner 
performance,  (b)  2  x  3  analyses  of  variance  conducted  to  investigate  treatment  (CAI.  lecture,  and 
PIT)  and  aptitude  effects,  to  include  possible  interactions  between  treatments  and  aptitude  levels, 
and  (c)  discriminant  analyses  of  high-fast  and  low-slow  achievers  in  each  treatment  to  determine  the 
characteristics  of  learners  for  whom  CAI.  PIT,  and  lecture  were  effective. 

m.  RESULTS 

To  compare  within-course  CAI  and  non-CAI  Instructional  effects  at  low.  middle,  and  high  reading 
vocabulary  aptitude  levels,  2x3  analyses  of  variance  were  performed  in  each  course  separately.  To 
compare  time-to-completion  differences  between  constant  time  lecture  treatments  and' variable  time 
CAI  treatments,  the  standard  error  of  the  difference  scores  at  each  aptitude  level  was  determined  to 
he  the  appropriate  statistical  analysis  (Pennell.  1978).  Appendix  A  includes  the  achievement  cell 
mean  (X)  and  the  standard  deviation  (Sd)  by  aptitude,  treatment,  and  course.  Appendix  B  includes 
the  time-to-completion  cell  X  and  Sd  by  aptitude,  treatment,  and  course.  Appendix  C  includes  the 
overall  main  effect  X  and  Sd  independent  of  aptitude. 

Medical  Laboratoiy 

I  n  the  M  edical  Laboratory  course,  the  2x3  analysis  of  variance  of  achievement  scores^  as  shown  in 
Table  2,  revealed  significant  main  effects  for  both  treatments,  F(l,177)  =54.51,  p  ^.001.  and 
aptitude;  F(2,l  77)  =5.41,  p  ^0 1 .  Graphic  illustration  of  the  data  is  shown  in  Figure  1. 
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Figure  1 .  Medical  Laboratory  achievement  as  a  function  of  aptitude 
level  and  CAI  vs.  lecture  conditions. 
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Inspection  of  Figure  I  reveals  the  average  achievement  of  CAI  students  was  18  percentage  points 
higher.  t(1.53)  =5.21.  p  <  .001.  than  lecture  controls  at  the  low  aptitude  level.  Similar  CAI 
achievement  superiority  in  comparison  to  Medical  Laboratory  lecture  controls  wa?  also  reflected  at 
the  middle  aptitude  (88%  vs  73%  ).  t ( 1 .7 1 )  =4.14.  p  ^.001.  and  high  aptitude  levels  (92%  vs  79%  ). 
t(l,37)  =3.49, p  ss.001. 

Time-to-complelion  difference  scores  (Table  3)  between  Medical  Laboratorv  lecture  and  each 
CAI  aptitude  level  revealed  significant  differt  nces  in  favor  of  CAI  at  the  mid  (t(1.70)  =2.31.  p  ■€  02) 
and  high  aptitude  CAI  levels.  f(  1.56)  =7.84.  p  ^.001.  The  time  difference  at  the  low  aptitude  level 
was  not  significant.  However,  as  noted  above,  the  achievement  of  the  low  aptitude  CAI  students  was 
significantly  better  than  their  lecture  controls.  In  fart,  as  shown  in  Figure  i.  the  average  achievement 
of  the  low  aptitude  CAI  students  is  higher  than  that  of  both  the  mid  and  high  aptitude  lecture 
students.  Thus,  it  is  probable  that  if  alt  groups  had  been  trained  to  the  same  criterion  level,  there 
would  have  been  a  significant  time  savings  in  favor  of  CAI  at  all  levels. 

The  CAl-lecture  treatment  by  aptitude  time  difference  scores  shown  in  Figure  2  indicated  CAI 
time  savings  exceeded  11%  at  the  mid  and  33%  at  the  high  aptitude  levels  within  the  Medical 
Laboratory  course. 


Table  .3.  The  Grand  Mean  of  Difference  Scores  and  the  Standard  Error 
of  the  Difference  Scores  to  Test  the  Difference  between  Lecture 
Time  to  Complete  (a  constant  of  540)  and  CAI  Time  to  Complete 
Instruction  at  Three  Aptitude  Levels  in  the  Medical  Lab  Couise 


X  =  76.000 
Sd  =226.091 
Se  =  24.523 
n  =  86  CAI 


t  =76/24.523 
t  =3.10** 


*n  <.05. 
**p  «.«l. 

*»*p  <.001. 


Low  Aptitude  Time  Difference  •  = 
Middle  Aptitude  Time  Difference  = 
High  .Vptitude  Time  Difference 


t  (Low  apt)  =1.31 
t1  (Mid  apt)  =2.31* 
t|  (H  igh  apt)  =7.84*** 


-32.0476 

56.6410 

192.3077 


Radiology 

The  2x3  analysis  of  variance  of  achievem(| 
Table  4.  In  addition  to  a  statistically  signifies 
significant  CAI-P1T  treatment  x  aptitude  interatj 
the  CAI  vs.  PIT  main  effect  comparison  was  not 


nl  scores  within  the  Radiology  course  is  shown  in 
aptitude  main  effect.  F (2.1 49)  =6.26.  p  ^.01.  a 
tion.  F(2.149)  =9.22.  p  *7.001 .  was  found.  H owever. 
significant  (p  =707). 


Inspection  of  the  interaction  shown  in  Figu|re  !!  revealed  low  aptitude  CAI  students'  scored  7 
percentage  points  higher,  t ( 1 .57)  =2.56.  p  <.91  Jin  achievementthan  did  low  aptitude  PIT  students. 
No  statistically  significant  treatment  difference^  were  found  at  the  middle  aptitude  level:  however, 
high  aptitude  CAI  achievement  was  9  percentage  points  greater.  l‘(1.2o)  =2.70.  p  <  .01  than  high 
aptitude  PIT  controls. 
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Figure  .1.  Radiology  achievement  as  a  function  of  aptitude  level 
and  CAI  vs.  PIT condition*. 


In  Table-  3.  2  \  3  analysis  of  variant'**  of  timc-to-complele  instruction  in  the  Radioing.  course 
revealed  a  significant  main  effect  for  aptitude.  f  (2.1  13)  “0.  13.  p  0AHH .  and  a  significant  <1  \  I  -I ‘IT 
treatment  x  aptitude  interaction.  F(2.l  l  0)  =  6.60.  p  »S  .01.  The  main  effect  for  treatment 
approached,  hut  did  not  reach,  significance  (p  ^.ItO). 


Table  ...  ■  Analysis  of  Variance  of  Tune  hi  Complete  Instruction  fc>r  PIT-C  VI 
Tn-atmrnts  and  Aptitude  Level  Conditions  in  the  Radiolngy  Course 
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I.ow  aptitude  CAI  students  demonstrated  a  I7\  savings  in  time  to  complete  instruction.  l(  1 .7,3)  * 
2-13.  p  .02.  when  compared  to  their  lots  aptitude  PIT  rnunterpa*  ..  as  depicted  in  Figure  I.  The 
tendency  of  high  aptitude  C  AI  students  to  progresa  faster  than  high  aptitude  PIT  students  was  no! 
statistically  significant.  t(l,‘>6)  -  l.(if»,  p  0  .12.  This  result  may  in  part  be  due  to  the  greater 
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Figure  4.  Radiology  time  to  completion  as  a  function 
of  aptitude  level  and  CAI  vs.  PIT  conditions. 


completion  time  variance  of  the  PIT  students  (Sd  - 86.8*1)  in  comparison  to  CAI  student  (Sd  » 
W».34)  variance.  (However,  here  again,  the  CAI  time  savings  probably  would  have  been  significant 
had  the  level  of  achievement  been  controlled.) 

Dental  Counc 

Dental  course  2*3  analysis  of  varianre  of  achievement  is  reported  in  Table  6.  Only  the  main 
effect  for  aptitude  level  was  statistically  significant.  F(2.%)  «*7.38.  p  *S.<M)I. 

Graphic  representation  of  the  Dental  CAMeclure  treatment  by  aptitude  level  effects  shown  in 
Figure  3  revealed  that  low  aptitude  CAI  students  tended  to  score  7  percentage  points  higher  than  low 
aptitude  lecture  controls.  Due  to  the  joint  effects  of  moderate  achievement  criterion  reliability  (r^/  - 
.58)  and  lick  of  low  aptitude^riterion  score  matches,  the  small  sample  (N  *7)  at  the  low  aptitude 
lecture  level  in  contrast  to  the  low  aptitude  CAI  sample  siae  (N  -30)  may  have  precluded  statistical 
significance.  t(  1.35)  «>1.27.  p  <.21. 
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Table  6.  Analysis  of  Variance  of  Achievement  Scores  for 
CAI-Lrrture  Treatments  and  Aptitude  Level  Conditions 
in  the  Dental  Course 
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h'igure  5.  Dental  achievement  at  a  function  '"sptitude 
level  and  C A1  ve.  lecture  condition*. 
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Analysis  of  tim:  (Table  7)  to  complete  instruction  within  the  Dental  course  resulted  in  statistically 
significant  differences  in  time  at  each  aptitude  lev»l.  Examination  of  lime  to  completion  (Figure  t>) 
revealed  high  aptitude  CAI  students  completed  instruction  in  29%  less  time.  t(  1 .30)  =13.52.  p  <: 
.001 ).  middle  aptitude  students  in  15%  less  ;ime.  t(  1.34)  =7.38.  p  ^.001.  and  low  aptitude  students 
in  9%  less  time.  t(l. 36)  =3.81 .  p  ^.031  than  lecture  controls. 


Table  7.  The  Grand  Mean  of  Difference  Scores  and  the  Standard  Error 
of  the  Difference  Scores  to  Test  the  Difference  between  Lecture 
Tune  to  Complete  Instruction  (a  constant  of  540)  and  CAI  Time 
to  Complete  Instruction  at  All  Aptitude  Levels  in  the 
Dental  Couise 


t  =  86.6962 
Sd  =100.6172 
Se  -  11.3203 
n  =  79  CAI 


Low  Aptitude  Time  Difference  =  43.1667 

Middle  Aptitude  Time  Difference  =  83.571  f 

High  Aptitude  Time  Difference  =  153.0476 


t  =86.6962/1 1.3203 
t  =  7.66* 


t  (Low  apt)  =  3.81* 
t  (Mid  apt)  =  7.38* 
I  (High  apt)  =  13.52* 


Additional  Learner  Chain cleristics  Variables 

In  addition  to  reading  vocabularv  aptitude.  pre-course  measures  of  tnoliv alion.  sell-ronrepl. 
cognitive  >t \  ies.  learner  stratcgv  preference  Tor  processing  information  and  related  liiograpliieal  data 
Here  expected  to  lie  related  to  achievement  anti  lime-io-eomplete  instruction.  \cenrdiuglv .  multiple 
stepwise  regression  anulvscs  lielHeeti  aelliev enienl  anti  pre-course  learner  eliaraeterislies  in  each 
course  Here  conducted  anil  cross-validated. 

%  ithin  the  Medical  l.aboralorv  course,  the  t  Itief  variables  predictive  of  aelliev etitenl  included 
reading  voeahularv.  motivation  (level  ol  aspiration  to  achieve),  self-concept,  autl  learner  strategies 
for  proeessing  information.  (K  =».<»!.  p  €.001).  ( iross-v alidalion  of  tin-  multiple  correlation  on  an 
independent,  holtl-oul  sample  revealed  little  shrinkage  (If  =.11.  p  €.tM>| ). 

Figure  7  depicts  ('.  \l  and  lecture  achievement  score  differences  as  a  function  of  treatment  anil 
learner  stratcgv  preferences  for  proeessing  information  bv  rote,  imagerv.  or  verbal  paraphrasing. 
\nalvsisof  variance  of  achievement  score  differences  resulted  in  slalistieallv  significant  main  effects 
for  treatment.  FII.ITb)  =  (0.(>2.  p  €.001  anrl  strategy  preferences.  F(2.l7b)  =  1.12.  p  €.0.1.  Tile 
greatest  difference  in  achievement  between  <•  \l  and  lecture  controls  was  obtained  bv  learners  hIio 
preferred  imagerv  .  In  this  case,  the  aehiev  cm  fill  of.  I  he  (1  V  I  group  exceeded  that  of  its  corresponding 
lecture  group  bv  10  peret  nlage  points.  \s  noted  in  Figure  7.  < -  V 1  role  learners  exceeded  the 
achievement  of  lecture  controls  bv  1 7  percentage  points,  whereas  *  I  V I  (earners  w  ho  preferred  v  erbal 
paraphrasing  excelled  lecture  counterparts  bv  12  percentage  |Hiints. 


DELTA  LEARNING  STRATEGY  PREFERENCE 

Figure  7.  Medical  Laboratory  achievement  aa  a  (unction  of  learner  strategy 
preference  for  proceaaing  information  and  CAI  va. 
lecture  conditions. 
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Variables  predictive  of  time  to  completion  in  the  Medical  Laboratory  course  included  reading 
vocabulary,  self-reliance,  field  independence,  self-concept,  memory,  and  learner  strategy  preferences 
(R  =65.  p  <.00l).  Validation  of  the  multiple  correlation  on  an  independent  sample  produced  slight 
shrinkage  in  the  cross-validation  group  (R  =.61.  p  <.0ftl).  One  of  s»ve-al  learner,  characteristics 
found  significantly  related  to  time  savings  included  self-concept  measures  from  the  Delta 
Biographical  Inventory.  Time-to-completion  differences  between  CAI  and  lecture  as  a  function  of 
low.  middle,  and  high  self-concept  are  shown  in  Figure  8. 


LOW  MID  HIGH 

DELTA  SELF  CONCEPT 


Figure  8 .  CAI  time  to  completion  differences  from  the  X, 
as  *  function  of  selfconcept  level  in  die 
Medical  Laboratory  course. 

Time  to  completion  as  a  function  of  treatment  and  self-concept  is  shown  in  Figure  8.  High  self- 
concept  CAI  students  completed  instruction  in  32%  less  time.  t(  1.20)  »j.04.  p  <.0001.  as  a  function 
of  CAI  than  did  Medical'  Laboratory  lecture  controls. 

Within  the  Radiology  course,  learner  characteristics  predictive  of  achievement  included  reading 
vocabulary,  memory,  level  of  achievement  aspiration,  independence,  learner  strategy  preferences, 
and  attitudes  toward  reading  (R  =.65,  p  <.001 ).  Cross-validation  of  the  multiple  correlation  on  the 
hold-out  group  indicated  some  shrinkage.  (R  =.49,  p  <.001 ),  in  predicting  an  achievement  criterion 
of  moderate  reliability  ■  =.56).  Figure  9  depicts  tre^.nient  achievement  score  differences  as  a 

function  of  three  levels  of  achievement  aspiration. 
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Figure  9.  Radiology  achievement  as  a  function  of  level  of  aspiration 
and  CAI  vs.  PIT  conditions . 


Statistically  significant  main  effects  were  obtained  for  theCAI-PIT  treatment.  F(  1.134)  =4.95.  p  < 
.05,  and  achievement  motivation  factors.  P (2,134)  =3.95,  p  <.05.  Low  achievement  aspiration  CAI 
students  exceeded  the  achievement  of  low  aspiration  PIT  students  by  6  percentage  points,  t(l,36)  = 
1.79,  p  *5.05,  as  shown  in  Figure  9. 

Learner  characteristics  predictive  of  Radiology  time  to  completion  included  reading  vocabulary, 
memory,  self-estimates  of  memory,  self-reliance,  self-concept,  and  learner  strategy  preference  (R  = 
.60,  p  <  .001).  Shrinkage  of  the  multiple  correlation  was  acceptable.  (R  =.54.  p  <  .001).  One  of 
several  learner  characteristics  found  related  to  completion  time  was  learner  self-estimates  of  memory 
when  confronted  with  lengthy  or  complex  material,  as  shown  :n  Figure  10. 

Analysis  of  variance  of  time  as  a  function  of  treatment  and  learner  self-estimates  of  memory 
resulted  in  statistically  significant  main  effects  for  treatment.  F(  1.137)  =6.30.  p  <.01.  and  memory. 
F (2,1 37)  =7.10,  p  <.001.  Average  memory  CAI  students  completed  instruction  in  20%  less  time 
than  PIT  counterparts  as  shown  in  Figure  10. 

Dental  course  learner  characteristics  predictive  of  achievement  included  reading  vocabulary, 
memory,  achievement  aspiration,  self-concept,  learner  strategy  preferences,  and  ordinal  birth  rank 
in  one's  family  (R  =.67,  p  <001).  Shrinkage  of  the  multiple  correlation  was  acceptable  (R  =.(>0.  p  < 
.001).  Similarly,  variables  predictive  of  time  to  completion  included  reading  vocabulary, 
achievement  aspiration,  self-concept,  and  learner  strategy  preferences  (R  =.68.  p  <  .001).  Cross- 
validation  yielded  slight  shrinkage  (R  =.62,  p  <.001).  Accordingly.  Figure  11  graphically  displays 
time-to-completion  differences  as  a  function  of  treatment  and  three  levels  of  achievement  aspiration: 
low,  middle,  and  high  levels  of  aspiration  prior  to  assignment  to  CAI  or  lecture  conditions. 
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Figure  10.  Radiology  time  to  completion  as  a  function  of  learner's 
self-estimate  of  memory  capability  and  CAl  vs.  PIT  conditions. 
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Figure  1 1 .  CAI  time  tn  completion  dillrienees  born  the  X 
as  a  function  of  level  of  aspiration  in  the  Denial  course. 
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Dent?l  course  time  to  completion  revealed  statistically  significant  effects  for  CAI-lecture 
treatments  and  motivation.  As  shown  in  Figure  11,  high  aspiration  CAI  students  completed 
instruction  in  23%  less  time.  t(  1 ,38)  =9.13.  p  ^.005,  than  did  lecture  controls. 

To  summarize  briefly,  in  addition  to  reading  vocabulary  aptitude,  learner  characteristics  (e.g..  self- 
concept,  motivation,  independence,  and  learner  strategy  preferences)  were  demonstrated  to  be 
significantly  related  to  achievement  and  time  savings  in  the  three  courses.  Foremost  among  these 
learner  characteristics  from  the  standpoint  of  consistent  relationships  to  differential  performance 
was  the  motivational  variable  of  achievement  aspiration. 

Comparative  Failure  Rates 

Average  failure  rate  in  the  three  courses  during  the  year  prior  to  CAI  intervention  was  moderately 
(22%  )  high.  Indeed,  one  of  the  factors  considered  in  course  selection  included  course  difficulty 
indices  as  reflected  by  average  achievement  attrition  and  failure  rate.  Failure  rate  in  the  present 
context  was  defined  as  the  number  of  first  attempt  failures  on  the  achievement  test. 

Comparative  failure  rates  between  CAI  (2%  )  and  PIT  (14.9%  )  within  the  Radiology  course  were 
statistically  significant,  >^j  =7.77,  p  ^.01.  Failure  rates  between  CAI  and  lecture  in  the  Medical 
Laboratory  and  Dental  courses  were  not  significantly  different. 

Student  Attitudes 

Student  attitudes  toward  CAI  prior  to,  during,  and  immediately  after  CAI.  as  gathered  by  the  on¬ 
line  scale,  was,  on  the  average,  favorable  and  significantly  different.  t(  1,385)  =8.61.  p  ^.001  from 
neutral  as  shown  in  Figure  12.  It  is  noted  that  no  significant  change  in  attitude  was  obtained  at  the 
pre,  interim,  or  post-CAI,  on-line  measurement  points. 


Figure  12.  On-line  learner  a nitudea  toward  CAI  immediately 
prior,  during,  and  subsequent  to  CAL 
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In  ron trust,  statistical!)  significant  attitude  items  obtained  from  the  Delta  Post-Instructional 
Attitude  (Questionnaire  administered  to  CM.  PIT.  and  lecture  students  approximately  I  week  aftei 
instruction  revealed  some  interesting  altitudinal  comparisons  as  a  function  of  experiencing  CIA  1  and 
pon-C  \l  treatment  conditions.  Significantly  more  (y  |  =  15.32.  p  €.001)  CAI  students  (50%  )  than 
controls  (25%  )  tended  to  disagree  with  the  statement  that  listening  to  a  lecture  w  as  generally  a  better 
way  to  learn  than  reading  self-paced  materials.  In  contrast,  significantly  (^|  =12.53.  p  €.001)  more 
CM  students  (72%  )  than  controls  (51%  )  agreed  they  were  motivated  by  the  opportunity  to 
complete  instruction  as  quickly  as  possible.  Likewise,  significantly  more  (j^j  =23.83.  p  €.001 )  CA1 
students  (77%  )  than  controls  (31%)  felt  ‘'they  did  a  lot  more  doing  than  listening  during 
instruction."  Though  a  greater  percentage  (57%  )  of  the  controls  agreed  they  needed  more 
opportunities  to  practice  what  they  were  learning,  significantly  (^  =  6.91.  p  €.05)  fewer  (44%  ) 
CAI  students  agreed  more  practice  was  needed.  Additionally,  significantly  more  (^"|  =0.03.  p  €.05) 
CA1  students  (80%  )  than  controls  (77%  )  agreed  they  learned  best  when  a  variety  of  Visual  examples 
were  provided. 

In  comparing  student  attitudes  toward  alternative  delivery  systems  (CAI.  PIT.  and  lecture),  the 
following  data  were  obtained:  07%  of  the  C  A I  students  as  opposed  to  1 1%  of  the  controls  agreed  that 
CAI.  compared  to  lectures,  was  less  boring  (^j  =03.00.  p  €.001)  than  lectures.  Comparison  of 
student  attitudes  toward  CAI  as  opposed  to  PIT.  indicated  CAI  was  perceived  as  less  boring. (01%  ) 
than  programmed  text  (10%  )  (^|  =30.20.  p  €.001).  To  complete  altitudinal  comparisons  among 
instructional  delivery  alternatives,  significantly  (^j  =13.80.  p  €.01)  more  (57%  )  CAI  students 
than  control  (30%  )  agreed  with  the  statement  that  "lectures  were  more  boring  than  programmed 
text."  However,  it  is  noteworthy  that  more  CAI  students  (78%  )  than  controls  (55%  )  agreed  that 
CAI  might  be  best  used  to  teach  basic  material:  whereas,  "live"  instructors  should  be  used  to  lead 
seminar  discussion  groups  to.  increase  student  understanding  of  critiral  subject  matter  (^  j  =12.82.  p 
€.002). 

Analysis  of  post-instructional  student  attitudes  within  the  CAI  group  solely,  revealed  a  greater 
percentage  (56%  )  of  CAI  students  agreed  than  disagreed  (32%  )  that  it  was  more  interesting  to  be 
taught  by  CAI  than  classroom  lecture  (y^j  =4.88.  p  €  .05).  Considering  that  only  21%  of  the 
students  expected  CAI  to  be  more  interesting  than  lecture  priotj  to  assignment  to  CAI  or  non-CAI 
conditions,  significant  positive  attitude  change  toward  CAI  as  la  function  of  CAI  experience  was 
demonstrated  (y^j  =26.91.  p  €00,1). 

Moreover,  a  greater  percentage  of  the  CAI  students  agreed  (58%  )  than  disagreed  (23%  )  that 
lessons  were  successfully  completed  faster  at  their  own  pace  ur  der  CAI  than  under  conventional 
classroom  conditions  (yf]  =10.93.  p  €.02).  The  majority  of  CAI  students  (74%  )  also  perceived  that 
.computer  administered  achievement  tests  were  equally  fair  for  al  students  (^  j  =20.93.  p  €.01 )  due 
to  computer  objectivity.  Interpretation  of  attitudinal  results  within  the  context  of  CAl/non-C.M 
conditions  is  deferred  to  the  Discussion  section  of  this  report. 

IV.  DBCl'SSIOft 

To  answer  the  question  of  whether  CAI  is  instructionally  more  effective  than  PIT  or  lecture, 
independent  of  aptitude  level,  data  were  obtained  (Appendix  C  which  supported  the  comparative 
instructional  effectiveness  of  CAI  in  two  of  three  courses  in  which  CAI  and  non-CAI  students  were 
compared  to  identical  instructional  objectives.  Overall.  CAI  student  achievement  exceeded  student 
achievement  mediated  by  (a)  lecture  by  1 3  percentage  points  and  (b)  PIT  by  3  percentage  points.  I  n 
terms  of  comparative  learning  time  independent  of  aptitude..CAI  students  averaged  12%  to  17%  Irss 
time  than  lecture  or  PIT  students.  Thus,  if  one  were  interested  only  in  overall  comparative 
instructional  effectiveness  (disregarding  aptitude  level  in  courses  and  for  students  comparable  to 


20 


those  employed  in  the  present  study),  CA1  is  concluded  to  be  more  instructionally  efficient  than 
lecture  or  PIT  in  the  Medical  Laboratory  and  Radiology  courses.  Witnin  the  Dental  course,  no 
significant  difference  between  CAI  and  lecture  achievement  was  found:  however,  a  17%  CA1  time 
savings  was  obtained.  To  provide  empirical  data  on  the  question  of  whether  CAI,  lecture,  and 
programmed  text  differ  in  instructional  effectiveness  as  a  function  of  aptitude  level,  treatment  by 
aptitude  level  comparisons  were  made.  Results  revealed  that  CAI  yielded  greater  achievement  and 
time  savings  than  non-CAI  at  certain  aptitude  levels.  Thus,  the  evidence  affords  an  empirical  basis 
for  decisions  pertaining  to  choices  among  alternative  instructional  modes  based  upon  differences  in 
instructional  effectiveness  and  time  savings. 

Medical  Laboratory 

Within  the  Medical  Laboratory  course.  CAI  student  achievement  substantially  exceeds '  Medical 
Laboratory  lecture  controls  at  all  reading  vocabulary  aptitude  leve.s.  At  the  low  aptitude  level.  CAI 
students  excelled  lecture  controls  by  18  percentage  points.  Probability  of  first  attempt  failure  was 
extremely  low  (p  =.001)  for  CaI  students,  as  well  as  for  lecture  controls  (p  =.03). 

In  contrast  to  achievement  findings,  learner  time  to  completion  as  a  function  of  aptitude  level 
revealed  time  savings  exceeded  33%  at  the  high  aptitude  level.  Time  to  completion  differences  at  the 
mid-aptitude  level  revealed  an  11%  CAI  time  savings,  but  no  statistically  significant  time  difference 
at  the  low  aptitude  level,  compared  to  lecture  controls.  As  noted  previously,  since  CAI  achievement 
was  higher  than  lecture  at  all  levels  of  reading  aptitude,  the  obtained  CAI  time  scores  probably  are 
much  higher  than  required  to  reach  a  level  of  achievement  equal  to  the  lecture  means. 

Radiology 

Achievement  differences  between  CAI  and  PIT  were  shown  to  be  related  to  aptitude  level  in  the 
Radiology  course.  Both  high  and  low  aptitude  CAI  students  achieved  higher  average  scores  than 
their  high  and'  low  aptitude  PIT  counterparts.  The  effects  of  boredom  may  be  one  possible 
explanation  of  the  lower-than-expected  performance  of  PIT  students  compared  to  CAI  students  at 
the  high  aptitude  level.  Indeed,  post-instructional  altitudinal  data  indicated  the  majority  of  students 
perceived  programmed  text  to  be  more  boring  than  CAI.  It  is  important  to  emphasize  that 
programmed  text  had  been  the  major  instructional  device  employed  in  the  last  few  weeks  preceding 
the  CAI-P1T  comparison.  In  addition,  failure  rrte  was  significantly  less  (2%  )  in  the  CAI  condition, 
than  in  the  PIT  condition  (14.9%  ). 

Unlike  Medical  Laboratory  course  time-to-completion  data,  the  greatest  difference  in  time  to 
completion  between  CAI  and  PIT  occurred  at  the  low  aptitude  level  in  the  Radiology  course.  Low 
aptitude  CAI  students  required  17%  less  time  than  their  low  aptitude  PIT  counterparts  to  complete 
instruction.  Furthermore.  CAI  student  completion  time  variability  was  considerably  less  (Sd  =63) 
than  PIT  time  variability  (Sd  =101)-.  Such  data  suggest  greater  group  variability  in  time  to  complete 
instruction  is  due  in  part  to  the  problems  of  control  of  student  time  under  conditions  of  self-pared 
programmed  instruction.  On  the  other  hand.  CAI  apparently  tends  to  keep  students  task-oriented 
through  the  structure  and  stimulation  of  interactive  requirements. 

To  sum  up  the  case  of  self-paced  PIT  vs.  CAI.  CAI  is  concluded  to  produce  greater  instructional 
effectiveness  in  17%  to  18%  less  time  than  PIT  for  low  and  high  aptitude  students.  Furthermore. 
CAI  was  shown  to  produce  time  savings  with  60%  less  time  variability  than  PIT.  Thus,  the 
interactive  control  of  CAI  may  be  responsible  for  sustaining  learner  attention  which  leads  to  more 
.  rapid  progress  than  PIT; 
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Dental 


Though  no  statistically  significant  overall  achievement  scare  differences  were  obtained  in  the 
Dental  course,  aptitude  stratification  revealed  a  tendency  forC.Al  students  at  the  low  aptitude  level 
to  achieve  more  (7%  )  than  their  low  aptitude  lecture  controls.  I  nfortunatelv.  in  addition  to  less 
than  desirable  Dental  course  criterion  reliability  (r  =  .58).  the  sample  size  at  the  low  aptitude 
lecture  level  was  small  (N  =7)  in  contrast  to  the  low'aptitude  CAI  student  (N  =30)  sample. 

Additional  interpretations  of  tiie  non-significant  (’.A  l-h  dure  instructional  effectiveness  difference 
findings  in  the  Dental  course  may  reasonably  be  attributed  to  the  relative  task  difficulty  level  of  the 
subject  matter  and  to  the  learner  characteristics  differences  in  the'Den'al  course  relative  to  the  more 
difficult  Radiology  and  Medical  Laboratory  courses.  Essentially. C  AI  as  a  compensator  tool  max  be 
more  instructionally  effective  in  difficult  subject  matter  courses  which  require  task-related  aptitudes 
and  motivation  levels  sufficient  for  processing/an jiyzing  abstract  information  or  learning  complex 
procedures.  Less  difficult  courses  and/or  insensitive  criterion  tests  of  lower  reliabilitv  used  to 
measure  achievement  differences  are  therefore  less  likely  to  demonstrate  CAI  achievement  effects, 
'.l  short,  level  of  task  difficulty  confronting  the  iearner.  criterion  reliabilitv.  and  the  learner’s 
characteristics  are  factors  of  considerable  importance  when  choosing  among  instructional  deliverv 
alternatives. 

Time  savings  differences  between  CAI  and  lecture  in  the  Dental  course  were  found  to  be  2*>%  at 
the  high  aptitude  level  and  15%  at  the  mid-aptitude  CAI  levels.  Thus,  in  the  case  of  CAI  vs.  lecture 
in  the  most  difficult  (Medical  Laboratory)  and  least  difficult  (Dental)  courses,  the  following 
conclusions  appear  war. anted:  (a)  to  obtain  significant  time  savings  (2*)%  to  ?3%  ).  assign  CAI  to 
high  aptitude  students,  (h)  to  increase  achievement  and  reduce  failures,  assign  CAI  to  low  aptitude 
students,  and  (c)  if  CAI  resources  permit,  assign  CAI  rather  than  lecture  to  high  aptitude  students  in 
difficult  courses  comparable  to  the  Medical  Laboratory  course  to  obtain  increased  time  savings  and 
instructional  effectiveness. 


Decision  Strategics 

Decision  strategies  for  optimizing  the  effectiveness  of  instructional  alternatives  require  analvsis  of 
(a)  course-specific  properties,  (b)  task-related  learner  characteristics.  («•)  student  flow:  (d) 
instructional  alternative  cost  comparisons,  and  (e)  trade-offs  regarding  levels  of  instructional 
effectiveness  and  limc-to-compielc  instruction.  If  'lie  training  system  is  confronted  with  an  incrcase 
in  personnel  with  low  reading  vocabulary  ap'itudc.  first  attempt  failures  may  increase  in 
conventionally  l.aughl  c. >u r  *s.  attended  by  an  increase  in  time-to -com plete  instruction.  If  CAI  is 
differentially  assigned  to  lower  aptitude  students  to  increase  achievement  and  minimize  failure,  the 
cosl  is-  little  or  no  time  savings.  Conversely,  if  the  goal  is  to  maximize  lime  savings,  based  upon  data 
reported  herein.  CAI  might  profitably  be  assigned  to  high  reading  aptitude  students,  who  arc 
expected  to  complete  instruction  in  33"u  less  time.  However,  opting  for  time  savings  is  conducted  at 
the  cost  of  an  increase  i.n  the  probability  of  more  failures  and  more  marginally  -f  e  achievement 
at  the  lower  aptitude  level  in  the  lecture  mode.  If  C  VI  were  assigned  to  ail  slut..  ‘its.  regardless  of 
aptitude  level,  average  student  achievement  is  increased,  but  average  time  saving  is  reduced  to 
approximately  1,3%  . 


I -earner  Characteristics  . 

Foremost  among  the  learner  characteristics  predictive  of  achievement  and  limc-to-cum plete 
instruction  successfully  were  the  aptitude  measures  (Delta  Reading  V  ocabulary.  Concealed  Figures, 
and  Memory  Measures).  Despite  differences  among  the  courses  on  such  factors  as  difficultv  level. 


type  of  learning,  and  mode  of  instruction,  reading  vocabulary  emerged  as  the  single  best  predictor  of 
both  achievement  and  completion  rate.  Such  information  further  underscores  the  importance  of 
reading  vocabulary  as  one  factor  cor.tribi  'ing  to  successful  performance.  VC’hereas  aptitude  measures 
were  shown  to  be  related  significantly  to  subsequent  leatner  performance  in  all  three  courses, 
biographical  measures  added  significantly  to  prediction.  Measures  of  achievement  aspiration,  self, 
concept,  field  independence-dependence,  and  learner  strategy  preferences  for  processing 
information  varied  in  magnitude  among  courses,  and  therefore,  in  the  order  of  contribution  to 
achievement  or  completion  time  predictions.  It  is  important  to  recall  these  biographical  self-report' 
pre-course  measures  maintained  significant  relationships  to  performance  upon  cross-validation. 
Depending  on  the  course,  one  biographical  measure  of  motivation  (achievement  aspiration)  yielded 
significant  performance  relationships  (r  =.29  to  .39)  and  resulted  in  main  effect  achieve"-, ,,i 
differences  ranging  from  4  to  14  percent  within  the  three  courses.  Hence,  requiring  students  to  set 
personal  achievement  goals  yielded  systematic  and  beneficial  effects  upon  subsequent  performance. 

Similarly,  field  independent  learners  were  found  (a)  to  exceed  the  achievement  of  field  dependent 
learners  in  the  more  difficult  Medical  Laboratory  course  by  6  percentage  points  and  (b)  to  require 
25%  less  time  to  complete  instruction  than  their  more  field  dependent  peers.  Thus,  in  accordance 
with  theory  and  previous  research,  field  independence  has  been  shown  to  be  related  to  performance 
in  complex  tasks.  Perhaps  equally  at  important,  field  independent  'earners  are  more  likely  to 
complete  self-paced  instruction  faster  (25%  less  time)  than  their  more  field  dependent  peers. 

Another  learner  characteristic,  self-concept,  was  also  found  significantly  related  to  completion 
time.  High  self  concept  learners  completed  instruction  in  less  time  (23%  to  32%  )  than  learners  with 
a  low  self-concept.  Thus,  self-perception  in  addition  to  other  learner  characteristics  discussed  herein 
would  appear  to  be  important  variables  in  deriding  whether  an  individual  should  be  assigned  to  a 
self-paced  program.  Furthermore,  self-concept  may  be  used  to  identify  learners  for  instructional 
strategies  designed  to  systematically  produce  success,  and  thereby,  an  increase  in  a  learner's  self- 
worth.  Nothing  is  likely  to  increase  a  person's  low  self-concept  or  subsequent  effort  more  than  the 
reward  of  success. 

■Learner  strategy  preferences  from  the  Delta  Biographical  gathered  prior  to  the  course(s)  were  also, 
found  to  be  significantly  related  to  subsequent  performance.  Preferences  for  active  learning  (e.g., 
paraphrasing  as  opposed  to  rote  memorization  or  passive  listening)  resulted  in  gr:ater  performance 
for  active  learning  strategies.  Additionally,  preference  for  interactive  learning  (e.g.,  discussion  or 
peer  instruction  in  contrast  to  more  passive  instruction,  such  as  audiovisual  or  lecture)  was  found  to 
be  related  to  subsequent  performance  differences.  For  example,  learners  in  the  Medical  Laboratory 
course  who  preferred  active/interactive  modes  of  learning  tended  to  score  6  to  8  percentage  points 
more  than  learners  who  preferred  the  potentially  more  passiv«  lecture 'and  audiovisual  instructional 
modes.  Similar  findings  which  have  been  reported  (Dausereau  et  al.,  1975,  1978;  Deignan,  1974) 
support  and  confirm  the  contribution  of  various  learner  strategies  to  subsequent  performance.  M  ore 
importantly,  the  development  of  learner  strategy  skills  in  learners  who  use  less  effective  methods  of 
learning  (Dansereau  et  al.,  1978)  would  seem  to  be  a  promising  cost-effective  means  of  increasing 
proficiency  if  not  also  efficiency. 

Characteristics  of  High  Achievement-Fast  CAI  Leathern 

Characteristics  of  high  achievement-fast  CAI  learners  were  obtained  through .  discriminant 
analysis  of  high  and  low  achievement  scorers  in  the  CAI  condition  of  each  course.  Major  variables 
found  to  correctly  classify  85%  (x^io  =46.78.  p  ^  .001)  of  high  and  low  CAI  achievers  in  the 
Medical  Laboratory  course  included;  (a)  reading  vocabulary,  (b)  learner  strategy  preferences  lor 
verbal  paraphrasing  as  opposed  to  rote  learning,  (c)  high  as  opposed  to  low  self-concept,  (d)  high  as 
contrasted  with  low  level  of  achievement  aspiration,  and  (e)  preferences  for  reading  as  opposed  to 
lectures.  Major  characteristics  of  CAI  learners  who  completed  instruction  25%  faster  =42.18, 

p^.001)  than  their  slower  CAI  counterparts  included:  (a)  •  learners  with  relatively  high  reading 


23 


vocabulary  scores,  (h)  higher  educational  level,  (e)  higher  memory  scores,  (d)  more  field 
independence,  (e)  possessed  higher  achievement  aspiration,  and  (f)  were  laught  by  a  family  member, 
as  opposed  to  their  teacher,  to  read.  Within  the  Radiology  course.  <  1 A I  was  instructional!)  more 
effective  in  21%  less  time  =14.1*).  p  ^.tltll)  for  (1AI  learners  who  possessed  high  reading 

vocabulary,  high  achievement  aspiration,  were  more  field  independent  than  dependent,  and 
preferred  verbal  paraphrasing  to  rote  memorization  as  a  means  of  learning.  Among  these  variables. 
(1AI  learners  also  reported  on  Delta  Biographical  pre-course  measures  they  felt  they  had  mastered 
instruction  if  they  could  teach  a  peer  the  same  subject  matter-,  whereas  the  slower,  lower  scoring  (1.4 1 
learners  reported  a  greater  reliance  on  lectures  or  audiovisual  to  learn. 

I. earner  characteristics  conducive  to  high  CAI  achievement  in  20%  less  time  in  the  Dental  course 
as  opposed  to  lower  41 A I  achievement  and  slower  time  to  completion  under  CAI  differ  only  slightly 
in  characteristics  from  the  "high-achieving,  fast  burners”  in  the  Medical  l  aboratorv  and  Radiology 
courses.  Variables  which  correct  I  v  classified  88%  =46.49.  p  ^.001)  of  the  high  and  low  CAI 

performers  included  relatively  high  reading  vocabulary,  preference  for  teaching  a  peer  as  a  means  of 
confirming  their  newly  acquired  knowledge,  high  achievement  aspiration,  pre-course  preference  for 
CAI  as  opposed  to  lecture  modes,  high  self-concept,  and  eldest  ordinal  rank  in  one's  immediate 
family.  i 

To  summarize  the  characteristics  of  high-fast  CAI  achievers  in  the  three  courses,  it  is  concluded 
that  (a)  relatively  high  reading  vocabulary  skills,  (b)  high  achievement  aspirations  to  effect  such 
skills,  and  (e)  skills  and  attitudes  underlying  learner  strategy  preferences  are  instrumental  to 
performance  outcomes. 

Thus,  in  addition  to  differentially  assigning  learners  to  alternative  instructional  delivery  modes 
bast'd  upon  aptitude,  it  is  suggested  that  motivational  factors,  r.g..  attitude,  achievement  aspiration, 
and  learner  strategies  be  considered. 

High-Fast  vs.  Low-Slow  PTT  Students 

Characteristics  of  learners  for  whom  PIT  was  effective  or  ineffective  were  obtained  through 
discriminant  analysis  of  high  and  low  achievement  scores  in  the  PIT  condition.  Variables  found  to 
correctly  classify  82%  =27.37.  p  ^.001)  of  the  high  and  low  PIT  achievers  in  the  Radiology 

course  included  (a)  level  of  achievement  aspiration,  (b)  self-determination  to  succeed,  (c)  learner 
strategy  preferences  for  reading  good  examples  as  opposed  to  preferences  for  audiovisual  or  lectures 
when  instruction  was  difficult,  and  (d)  higher  versus  lower  reading  vocabulary  scores.  Regarding 
time  to  completion.  PIT  learners  who  completed  instruction  in  23%  less  time  than  their  slower  PIT 
counterparts  were  identified  correctly  72%  (x2-*  “14.66.  p  *5  .04)  bf  the  time  by  (a)  level  of 
achievement  aspirati  n.  (b)  higher  as  opposed  to  lower  self-estimate  of  memory  capability,  (c)  more 
field  independent  than  dependent,  and  (d)  preference  for  working  alone  as  opposed  to  working  with 
others. 

Rased  upon  the  foregoing  data,  PIT  it  likely  to  result  in  successful  performance  for  students  who 
possess  high  levels  of  motivation  in  addition  to  preference  for.  and  high  aptitude  in,  reading.  In 
identifying  learners  who  progress  faster  than  their  peers  in  self-paced  PIT  courses  similar  to  the 
Radiology  course,  achievement  aspiration,  above  average  memory  capabilities,  independence, 
preference  for  working  alone  and.  o«  rourse.  adequate  ability  to  read  on  one's  own  have  been  found 
to  constitute  learner  characteristics  contributing  to  faster,  at  opposed  to  slower,  progress. 


High  vs.  Low  Achievement  Leetuer  Students 


Major  learner  characteristics  obtained  through  discriminant  analysis  which  correctly  cl 
8.7%  (x2,,,  =  30.83.  p  <1  .001)  of  the  high  and  low  achievers  in  lecture  included:  (a)  hi 
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opposed  to  lower  achievement  aspiration,  (b)  higher  in  contrast  to  lower  reading  ve.cabulary.  (r) 
employed  verhslparaphrdting  as  opposed  to  rote  memorisation  as  a  learner  strategy  for  acquiring 
knowledge,  and  (d)  were  more  field,  independent  than  dependent. 


Post  Instructional  Attitudes 


Statistically  significant  data  from  the  Delta  Post-Instructional  Attitude  Questionnaires  were  not 
only  important  to  determine  the  relative  degree  of  acceptance  or  resistance  toward  CAI  and  non-CAI 
(lecture  or  PIT),  but  also  provided  some  ancillary  information  of  instructional  interest.  For 
example,  concentration  to  learn  under  the  CAl  condition  appeared  to  require  no  more  effort  than 
concentration  required  to  learn  under  non-CAI  conditions.  Indeed,  the  data  indicated  a  greater 
(74%  )  percentage  of  non-CAI  students  reported  they  had  to  really  concentrate  u>  learn  than  did 
counterpart  CAl  students  (62%  ).  Familiarization  with  the  instructional  medium,  whether  CAl. 
lecture,  or  PIT.  however,  was  important:  65%  of  the  CAl  students  and  61%  of  the  non-CAI  students 
indicated  they  really  enjoyed  their  respective  medium  once  they  had  become  familiarized  with  it.' 
Both  CAi  and  non-CAI  students  also  agTred  (75%  CAl.  65%  non-CAI)  instructional  presentations 
provided  enough  visual  examples  for  learning.  However,  more  CAl  students  (89%  )  than  non-CAI 
students  (77%  )  agreed  they  learned  best  when  a  variety  of  visual  examples  was  provided.  In 
addition,  the  .need  for  more  opportunities  to  practice  what  was  being  acquired  indicated  that  a 
smaller  percentage  of  the  CAl  students  ( 14%  )  as  compared  to  non-CAI  students  (57%  )  agreed  that 
more  practice  was  needed.  The  interactive  graphic  capabilities  of  CAI  for  practice  may  account  for 
the  magnitude  of  this  difference.  Similarly,  more  CAi  students  (77%  )  than  non-CAI  students  (81%  ) 
agreed  they' did  a  lot  more  doing  than  passive  listening  during  instruction. 

Considering  the  impart  of  learner  boredom  upon  attitudes  toward  slternative  instructional  media. 
67%  of  the  CAI  students  in  contrast  to  1 1%  of  the  controls,  disagreed  with  the  statement  that  CAI 
"was  boring  compared  to  lectures."  Only  13%  of  the  CA  I  students  agreed  CAl.  compared  to  lectures, 
was  boring.  Student  perception  of  boredom  under  CAI  versus  PIT  conditions  revealed  that  61%  of 
the  CAI  students  and  19%  of  'he  rontrols  agreed  CAI  compared  to  PIT  was  not  boring.  A  small 
percentage  (10%  )  of  the  CAl  students  regarded  CAI  more  boring  than  PIT.  To  complete  the 
comparative  analyses  among  CAI.  PIT.  and  lecture.  57%  of  the  CAI  students  in  contrast  to  only 
30%  of  the  rontrols  regarded  lectures  more  boring  than  PIT.  However.  38%  of  the  controls  viewed 
PIT  as  more  boring  than  lectures.  In  summary.  CAI  in  comparison  to  lectures  and  PIT  was  less  likely 
to  be  reacted  to  with  feelings  of  boredom.  The  interactive,  self-pared  nature  of  CAl  might  reasonably 
explain  why  CAI  was  more  resistant  to  feelings  of  boredom  than  PIT  or  lecture. 

It  is  important  to  note  that  more  CAI  students  (72%  )  than  notl-CAl  controls  (51%  )  agreed  they 
were  self-motivated  by  the  opportunity  to  complete  instruction  as  quickly  as  possible.  In  addition, 
more  than  twice  as  many  CAI  students  agreed  (58%  )  than  disagreed  (23%  )  that  they  perceived 
themaelves  to  suecesafully  Finish  lessons  faster  at  their  own  pace  with  CAI  than  in  the  classroom. 
Achievement  data  indicated  that  the  opportunity  to  complete  instruction  quickly  did  not  adversely 
impact  achievement  compared  to  counterpart  control*.  To  the  contrary.  CAI  achievement  was 
markedly  superior  to  controls  in  two  of  the  three  course*.  Hence,  the  opportunity  tc  progress  at  the 
student*  own  pace  under  CAI  conditions  might  be  argued  to  facilitate  achievement  rather  than 
retard  it. 

Learner  Media  Preferences 

Preference  among  instructional  media  subsequent  to  media  exposure  indicated  only  33%  »f  the 
CAI  students  in  contrast  to  50%  of  the  rontrols  agrred  that  listening  to  a  lecture  was.  in  general,  a 
better  way  to  learn  than  reading  self-pared  (CAI)  material*.  In  brief,  twice  as  many  CAI  students 
(50%  )  preferred  self-pared  material*  to  lectures  than  did  control*  (25%  ). 

To  the  extent  learning  Uaks  involved  difficult  material.  CAI  students  differed  markedly  from 
control  student*,  in  preference*  among  lecture,  audiovisual,  PIT  and  CAl.  The  majority  (72%  )  of 
control  students  preferred  lecture*;  where**  only  17%  of  the  CAl  students  preferred  lectures  when 
material  was  difficult.  Within  the  CAi  condition  solely,  31%  of  the  student*  preferred  CAI.  10% 
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audiovisual.  12%  PIT.  and  17%  lecture  when  instructional  material  was  difficult.  Similarly.  40%  of 
the  C  AI  students  reported  they  performed  better  with  CAI  than  with  lecture:  whereas  43%  believed 
lecture  facilitated  their  performance  more  so  than  CAI.  Based  upon  these  data,  students  who  had 
experienced  ('.A!  were  approximately  equally  divided  in  terms  of  altitudinal  reactions  toward  CAI 
and  lecture.  Some  indication  of  why  CAi  students  were  divided  on  the  question  of  whether  CAI  or 
lecture  helped  them  perform  better  is  perhaps  explained  in  part  by  student  responses  to  the  following 
attitude  item :  78%  of  the  C  AI  students  agreed,  whereas  only  16%  disagreed.  CAI  might  be  best  used 
in  teaching  basic  knowledge  and  instructors  subsequently  used  as  discussion  group  leaders  to  ensure 
student  understanding  of  critical  subject  matter.  Given  this  frame  of  reference,  the  majority  (78%  ) 
of  students  reflected  a  positive  attitude  toward  CAI.  However,  students  indicated  when  material  was 
especially  difficult  or  integration  of  critical  subject  matter  to  ensure  understanding  was  needed,  the 
security  of  having  a  "real  live"  discussion  group  instructor  was  needed. 


Attitude  Change 

Considering  that  prior  to  assignment  to  CAI  or  non-CAl  conditions,  only  21%  of  the  learners 
expected  CAI  to  be  more  interesting  than  le  ture,  it  is  indeed  noteworthy  that  subsequent  to  CAI 
experience.  56%  of  the  CAi  learners  reported  CAI  was  more  interesting  than  lecture.  Similar 
attitude  change  was  found  in  the  case  of  lecture:  56%  of  the  learners  to  be  later  assigned  to  CAI 
expected  lecture  to  be  more  interesting  than  CAI:  whereas,  after  CAI  exposure,  only  32%  fell  lecture 
.was  more  interesting  than  CAI.  If  a  learner  is  to  obtain  the  most  from  an  instructional  experience,  an 
initial  positive  attitude  is  likely  to  increase  learner  skills  employment  and  energize  perception  of  the 
instrumentality  of  the  situation  for  successful  performance.  Hence,  it  is  recommended  that  all 
students  to  be  assigned  to  an  unfamiliar  method  (e.g..CAl)  be  provided  with  an  orientation  program 
prior  to  formal  instruction  to  assist  in  making  the  unfamiliar,  familiar  (Tobias.  1676).  Additionally, 
the  simple  act  of  setting  achievement  goals  (achievement  aspiration)  was  shown  in  the  present 
investigation  to  be  related  significantly  to  subsequent  performance. 

In  summary,  the  majority  of  CAI  students  perceived  CAI  to  be  more  interesting,  less  boring,  less 
time-consuming,  and  more  instructional^  effective  than  was  lecture  or  PIT.  However,  when 
instructional  material  was  especially  difficult.  CAI  students  were  divided  on  preferences  for  lectures 
and  CAI.  Accordingly,  the  majority  of  CAI  students  agreed  CAI  should  be  employed  to  leach  basic 
knowledge  and  instructors  should  be  used  to  lead  discussion  groups  to  ensure  student  understanding 
of  critical  subject  matter  or  methods.  From  the  standpoint  of  student  testing,  however,  more  students 
agreed  (7  4%  )  than  disagreed  (11%)  “computer  trsting  was  impartial  and  therefore  equally  fair  to  all 
students."  Hence,  though  approximately  half  of  the  CAI  students  preferred  human  instructors  to 
CAI  in  complex  subject  matter  areas,  most  of  the  students  preferred  the  objectivity  of  the  computer 
in  student  evaluation.  In  addition,  prior  to  familiarization  with  CAI.  only  21%  of  the  learners 
preferred  CAI  to  lecture  in  contrast  to  56%  who  preferred  lecture  to  CAI.  Given  this  initial,  less  than 
enthusiastic  attitude  toward  CAI.  CAI  students  on  the  average  performed  tetter  than  their  controls. 
As  a  classic  example  of  altitude  change  as  a  function  of  subsequent  experience.  56%  of  the  CAI 
learners  preferred  CAI  to  lecture,  post-instructionaily. 

V  COMCU  Sgm  *>l>  KMOW  WKMMTItm 

From  an  overall  standpoint.  CAI  was  found  to  be  more  effective  than  lecture  «.r  PIT.  CAI  was 
found  to  increase  student  arhievemen.  as  much  as  18  percentage  points  more  than  lecture  controls, 
and  7  percentage  points  more  than  programmed  text  controls.  Moreover.  CAI  student  failure  rates 
were  considerably  leas  than  programmed  text  controls.  Though  high  aptitude  CAI  students 
completed  instrurtio. i  in  30%  less  time  than  low  aptitude  CAI  students;  low  aptitude  CAI  students 


achieved  greater  instructional  effectiveness  in  i?%  less  time  than  low  aptitude  programmed  text 
controls.  CA1  time  to  completion  was  also  60%  less  variable  than  the  self-paced  programmed  text 
completion  time. 

In  the  case  of  CAI  vs.  lecture,  the  following  conclusions  appear  warranted:  (a)  significant  time 
savings  (29%  to  33%  )  were  achieved  by  students  assigned  to  CAI.  (b)  tow  aptitude  CAI  students 
experienced  greater  achievement  and  less  failure  than  their  low  aptitude  lecture  controls,  and  (c) 
student  attitudes  toward  CAI  became  more  favorable  at  a  result  of  CAI  experience. 

Major  characteristics  of  learners  for  whom  CAI  was  more  instructionally  effective  in  less  time 
included  level  of  reading  vocabulary,  achievement  aspiration,  field  independence,  and  learner 
strategy  employed.  Thus,  performance  differences  in  achievement  and. time  can  be  expected  to  vary 
chiefly  as  a  function  of  task-related  learner  characteristics,  difficulty  level,  instructional  medium 
assigned,  and  course-specific  properties. 

Empirical  evidence  has  substantiated  the  comparative  instructional  and  time  savings  effectiveness 
of  CAI  overall  and  at  specific  aptitude  levels.  Additionally,  cross-validated  learner  characteristics 
yielded  profiles  found  to  distinguish  high-fast  as  opposed  to  low-slow  achievers  in  each  course  and 
treatment  condition.  Hence,  given  a  self-paced  environment,  it  is  possible  to  differentially  assign 
CAI  to  students  for  whom  it  is  more  effective. 

For  instructional  situations  similar  to  those  in  this  study,  it  is  recommended  that  CAI  be  used  as  a 
primary  medium  of  instruction,  if  CAI  resources  are  limited.  CAI  should  be  assigned  to  high 
aptitude  students  and  to  those  students  identified  as  marginal  performers  as  measured  by  selected 
preassessment  measures.  Such  measures  should  include  reading  vocabulary,  learner  strategy 
preferences,  field  independence-dependence,  and  achievement  motivation. 
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APPENDIX  A:  ACHIEVEMENT  X  AND  SD  BY  APTITUDE, TREATMENT,  AND  COURSE 


Coimc  Aptitude 


Medical  Laboratory  Low  X 

SD 

Mid  X 

SI) 

High  X 

SD 

Radiology  Low  X 

SI) 

Mid  X 

SD 

High  X 

SD 

Low  X 

SD 

Mid  X 

SD 

High  X 

SD 


CAI 

Lee 

prr 

86.98 

69.37 

12.48 

12.21 

88.71 

75.69 

14.55 

12.02 

92.07 

,79.88 

11.93 

14.87 

83.67 

76.67 

8.80 

,11.90 

84.05 

86.50 

8.05 

8.33 

88.12 

78.50 

6.92 

8.02 

73.39 

66.35 

12.60 

15.77 

76.59 

79.32 

11.82 

13.64 

84.25 

82.71 

12.87  ‘ 

10.50 

Dental 


APPENDIX  C:  MEAN  PERCENTAGE  ACHIEVEMENT  AND  MEAN  TIME 
IN  MINUTES  TO  COMPLETE  INSTRUCTION  IN  THREE  COURSES 


%  Correct 

Achievement  Score 

Time  to  Complete 
bu  truction  (Min) 

Group 

IN 

x 

SD 

X 

SD 

Medical  Laboratory 

CAI 

93 

88.94 

13.51 

469 

220 

Lecture 

98 

75.12 

13.84 

540, 

0 

Radiology 

CAI 

97 

84.72 

8.14 

240 

65 

PIT 

89 

81.95 

10.62 

271 

106 

Dental' 

CAI 

101 

77.03 

13.58 

453 

95 

Lecture 

52 

78.07 

14.01 

540 

0 

*u« 


•OVWKMWT  fftMTnn  OFFiCt? 


i9*n.  1.71-im  u 


31 


